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Remarks 

L Statement of Substance of the Interview 

Further to the Interview Summary provided to Applicants' undersigned 
representative on September 19, 2007, Applicants submit the following Statement of 
the Substance of the Interview. 

Applicants thank Examiner Paras and Examiner Chen for the personal 
interview conducted on September 19, 2007. During the interview, claims 1-45 of the 
present application, and the meaning of the term "non-covalently bound," were 
discussed. It was noted by Applicants' representatives that the presently claimed 
invention is directed to a virus-ligand complex, and a method of producing such a 
complex, where a ligand is non-covalently bound directly to a virus. Applicants 1 
Representatives and the Examiners agreed that the term "non-covalently bound" does 
not mean "not covalently bound" and instead refers to several types of defined 
interactions that occur between macromolecules. 

The Examiner's rejection of claims 11, 32, and 56 under 35 U.S.C. §112 was 
also discussed. All parties agreed that the specification and claims would be amended 
to include the full names for the terms EGF, VEGF, FGF and IGF, and that these 
amendments would not introduce new matter as these terms and their abbreviations 
are well-known by persons of ordinary skill in the art at the time of filing of the 
present application. 

No further agreements were reached. 
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77. Status of the Claims and Support for the Amendments to the Specification and 
Claims 

The amendments to the specification are sought to introduce the full-length 
names of the abbreviations EGF, VEGF, FGF and IGF. These amendments do not 
introduce new matter, as the meanings of the abbreviations EGF, VEGF, FGF and 
IGF were well known to a person of ordinary skill in the art at the time of filing of the 
present application, as acknowledged during the Examiner interview conducted on 
September 19, 2007 {see above). See, e.g., Alberts et aL, Molecular Biology of the 
Cell, 3 rd Ed., Garland Publishing Inc., New York, 1994, at page 760 (copy attached 
herewith as Exhibit A). 

By the foregoing amendments, claims 1-18, 32-36 and 45 are sought to be 
amended, and claims 62-65 are sought to be added. Claims 19-31, 37-44, and 46-61 
have been canceled without prejudice or disclaimer. Applicants reserve the right to 
pursue the subject matter of the cancelled claims in one or more divisional or 
continuation applications. Support for the amendments to claims 1-18, 32-36 and 45, 
and for new claims 62-65 can be found throughout the specification, specifically at 
page 9, paragraph [0036]; at page 11, paragraph [0043]; and at page 15, [0057]. 
Applicants note that at page 9, paragraph [0036], the present specification states that 
"a complex is formed between the ligand and the virus particle." Paragraphs [0043] 
and [0057] recite "Tf-adenovirus complexes" and "transferrin-AdLacZ complex," 
respectively. Therefore, Applicants respectfully submit that there is clearly support 
for the term "virus-ligand complex" in the present specification. 
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Support for the term "cell-free" recited in the amendments to claims 17 and 18 
can be found throughout the specification, particularly in Example 1A at paragraph 
[0050]; Example 2A at paragraph [0057]; and Example 6 at paragraph [0071]. 
Although the term "cell-free" is not expressly stated, Applicants respectfully submit 
that a person of ordinary skill in the art would readily understand that preparation of 
the virus-ligand complex was carried out in solutions in the absence of cells, i.e., 
"cell-free." 

Claims 1-18, 32-36, 45 and 62-65 are pending in the application. Claims 19- 
31, 37-44 and 46-61 have been cancelled, and claims 33 and 35 have been withdrawn 
by the Examiner. Claims 1, 17, 62 and 64 are the independent claims. 

///• Summary of the Office Action 

In the Office Action dated April 30, 2007, the Examiner has made one 
objection to, and eight rejections of, the claims. In view of the following remarks, 
Applicants respectfully traverse the Examiner's objections and rejections and 
respectfully request that they be reconsidered and withdrawn. 

IV. Claim Rejections 

A. Double Patenting 

In the Office Action at pages 3-7, the Examiner has provisionally rejected 
claims 46-61 under 37 C.F.R. § 1.75. The Examiner has stated that "should claim 1 
(or claims 2-16) be found allowable, claim 46 (or claims 47-61) will be objected to 
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under 37 CFR § 1.75 as being a substantial duplicate thereof." See Office Action at 
pages 3-7. Applicants respectfully disagree with the Examiner and submit that claims 
46-61 are not substantial duplicates of claims 1-16, and hence, do not constitute 
double patenting. However, solely to expedite prosecution, and not in acquiescence 
to this objection, claims 46-61 have been canceled without prejudice or disclaimer. 
Hence, the Examiner's rejection of claims 46-61 has been rendered moot. 

B. Rejections under 35 U.S.C. § 112 

In the Office Action at page 7, the Examiner has rejected claims 1 1, 32 and 56 
under 35 U.S.C. §1 12, second paragraph, for allegedly failing to particularly point out 
and distinctly claim the subject matter which applicants regard as the invention. The 
Examiner has stated that the terms EGF, VEGF, FGF and IGF in claims 1 1 and 56, 
and the term EGF in claim 32, are allegedly vague and render the claims indefinite. 
The Examiner further states that these terms are abbreviations and can allegedly stand 
for different meanings. Applicants respectfully traverse this rejection. 

Applicants submit that the meanings of these abbreviations were well-known 
to those of ordinary skill in the art at the time of filing of the present application, as 
agreed upon during the Examiner interview. See, e.g., Alberts et al., Molecular 
Biology of the Cell, 3 rd Ed., Garland Publishing Inc., New York, 1994, at page 760 
(Exhibit A). However, solely to expedite prosecution, Applicants have inserted the 
full-length names for the terms EGF, VEGF, FGF and IGF into the claims and the 
specification. Therefore, Applicants submit that the Examiner's rejection of claims 
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11, 32 and 56 has been accommodated. Reconsideration and withdrawal of this 
rejection are respectfully requested. 



C Rejections under 35 U.S.C. §102 

1. The Rejection Under 35 U.S.C. § 102(a) over Sosnowski 

In the Office Action at pages 8-9, the Examiner has rejected claims 1-6, 8-11, 
17-18, 32, 34, 45-51 and 53-56 under 35 U.S.C. § 102 (a), as allegedly being 
anticipated by Sosnowski et al. 9 WO 98/40508 (hereinafter "Sosnowski"). By the 
foregoing amendments, claims 46-51 and 53-56 have been cancelled. Hence, this 
rejection has been rendered moot as it may have applied to these claims. Applicants 
respectfully traverse this rejection as it may apply to the remaining claims. 

In the Office Action at page 8, the Examiner states that: 

Sosnowski teaches preparation of a tropism-modified adenoviral vector 
specifically binds to target cells expressing a preselected receptor, 
comprising an antibody or fragment thereof that binds an adenoviral 
capsid protein, a targeting ligand that binds the preselected receptor, 
such as a polypeptide reactive with an FGF receptor, and an adenovirus 
containing a nucleic acid molecule encoding a therapeutic gene 
product under the control of a promoter, wherein the ligand is 
conjugated to the antibody or fragment thereof and wherein the 
antibody or fragment thereof is bound to the adenovirus (e.g. p. 171). 

Office Action at page 8, 3 rd paragraph. The Examiner concludes that "[s]ince the 
ligand is conjugated to the antibody or fragment thereof and the antibody or fragment 
thereof is bound to the adenovirus, therefore, the ligand is non-covalently bound to 
the adenovirus." Applicants respectfully disagree with the Examiner's contentions 
and conclusions. 
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Claim 1 (and hence, claims 2-6, 8-1 1, 17-18, 32 and 34 that depend ultimately 
therefrom) of the presently claimed invention recites a virus-ligand complex 
comprising a cell-targeting ligand non-covalently bound directly to a virus. 
Applicants submit that Sosnowski does not disclose such complexes. For example, 
page 26 of Sosnowski discloses a bi-specific antibody which is specifically designed 
to link a separate targeting moiety (a ligand) on one end to a viral capsid protein on 
the other end. This bi-specific antibody is not a ligand, it is a linker. {See Sosnowski 
at page 171, claim 1, ". . . wherein the ligand is conjugated to the antibody or 
fragment thereof and wherein the antibody or fragment thereof is bound to the 
adenovirus."). The ligand is separately attached to the bi-specific antibody linker and 
therefore is not non-covalently bound directly to the virus. Thus, there is no direct 
bond between the ligand and the virus in Sosnowski, much less a non-covalent bond, 
as required by the presently claimed invention. Furthermore, there is no linker 
molecule of any type in the presently claimed virus-ligand complexes, as required by 
Sosnowski. 

Present claim 17 (and hence, claims 18 and 45 that depend ultimately 
therefrom) recites a method for preparing a vector virus-ligand complex comprising a 
cell-targeting ligand non-covalently bound directly to a virus. The method comprises 
mixing a cell-targeting ligand with a virus in an a cell-free aqueous medium, whereby 
the ligand non-covalently binds directly to the virus. As set forth above, the 
complexes of Sosnowski utilize a linker molecule such that the cell-targeting ligand is 
not non-covalently bound directly to a virus. Thus, Sosnowski does not disclose a 
method of preparing the virus-ligand complexes of the presently claimed invention. 
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Under 35 U.S.C. § 102, a claim can only be anticipated if every element in the 
claim is expressly or inherently disclosed in a single prior art reference. See Kalman 
v. Kimberly Clark Corp., 713 F.2d 760, 711 (Fed.Cir. 1983), cert, denied, 465 U.S. 
1026 (1984). Therefore, as Sosnowski does not disclose all of the elements of the 
present claims, specifically a virus-ligand complex comprising a cell-targeting ligand 
non-covalently bound directly to a virus, it cannot and does not anticipate the 
presently claimed invention. Id. 

In view of the foregoing remarks, Applicants respectfully request 
reconsideration and withdrawal of the rejection of claims 1-6, 8-1 1, 17-18, 32, 34, 45- 
51 and 53-56 under 35 U.S.C. § 102(a). 

2. The Rejection Under 35 U.S.C. § 102(b) over Satyamoorthy 

In the Office Action at pages 9-10, the Examiner has rejected claims 1-4, 6, 8- 

11, 17-18, 45-49, 51 and 54-56 under 35 U.S.C. § 102(b), as allegedly being 

anticipated by Satyamoorthy et al, Cancer Research 57:1873-1876 (1997) 

(hereinafter "Satyamoorthy"). By the foregoing amendments, claims 46-49, 51 and 

54-56 have been cancelled. Hence, this rejection has been rendered moot as it may 

have applied to these claims. Applicants respectfully traverse this rejection as it may 

apply to the remaining claims. 

In the Office Action at page 9, the Examiner states that: 

Satyamoorthy teaches mixing a recombinant bFGF-SAP (basic 
fibroblast growth factor-plant toxin saporin) with a replication- 
defective adenovirus Ad5 containing LacZ reporter gene and shows 
that infection of melanoma cells with a replication-defective 
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adenovirus enhances cell killing by a mitotoxin bFGF-SAP more than 
10-fold (e.g. abstract, right column under Materials and Methods). 

Office Action at page 9, 3 rd full paragraph. The Examiner concludes that the 
presently claimed invention is allegedly anticipated as "[a] replication deficient 
adenovirus is considered a recombinant virus" and "[t]he bFGF-SAP is a recombinant 
protein." Office Action at page 10, lines 1-3. Applicants respectfully disagree with 
the Examiner's conclusions and contentions. 

As set forth above, claim 1 of the presently claimed invention recites virus- 
ligand complex comprising a cell-targeting ligand non-covalently bound directly to a 
virus. Satyamoorthy discloses transfecting melanoma cell lines with either bFGF (a 
cell-targeting ligand), saporin (SAP; a plant mitotoxin used to induced apoptosis), a 
bFGF-SAP conjugate, a replication-defective adenovirus (Ad5) containing a LacZ 
reporter gene, or mixtures thereof. While bFGF and SAP may be present in the 
complexes of Satyamoorthy, the Ad5 virus is administered to, and enters, cells 
separately from the bFGF-SAP complex. See Satyamoorthy at p. 1873, 2 nd column, 
Results, lines 6-9. The cell-targeting ligand is therefore not non-covalently bound 
directly to the virus as required by the presently claimed invention. In fact, it is not 
bound to the virus at all. 

Satyamoorthy states that "cells were treated with SAP, bFGF-SAP, bFGF, or 
Ad5 alone or in combination." (Satyamoorthy at p. 1873, 2 nd column, lines 10-11 
under Materials and Methods). Satyamoorthy also discloses "combining bFGF-SAP 
treatment of cells with Ad5 infection." {See Satyamoorthy at p. 1873, Results, lines 
14-16). However, Satyamoorthy does not disclose that the bFGF-SAP and the Ad5 



CHANG et al 

-18- Appl.No.: 10/820,144 

2474.0070003 

exist in a single complex where the bFGF-SAP complex (or either ligand separately) 
is non-covalently bound directly to the virus. In fact, formation of a complex between 
the bFGF-SAP and the Ad5 virus would have been contrary to the purpose of 
Satyamoorthy, which was to utilize the synergistic (i.e., separately administered) 
interaction between the ligand and the virus. (See Satyamoorthy at page 1873, 
Introduction, lines 22-24.) Therefore, Satyamoorthy does not disclose all of the 
elements of the present claims, and hence it cannot anticipate the presently claimed 
invention. See Kalman, 713 F.2d at 711. 

Present claim 17 (and hence, claims 18 and 45 that depend ultimately 
therefrom) recites a method for preparing a vector virus-ligand complex comprising a 
cell-targeting ligand non-covalently bound directly to a virus. The method comprises 
mixing a cell-targeting ligand with a virus in an a cell-free aqueous medium, whereby 
the ligand non-covalently binds directly to the virus. 

As noted above, the bFGF-SAP complex and the adenovirus disclosed in 
Satyamoorthy are administered to MCDB153/L15 cells separately. (See Satyamoorthy 
at page 1873, 2 nd column, lines 10-11). Therefore, even assuming arguendo that a 
complex is ever formed between the bFGF-SAP conjugate and the adenovirus (which 
would be contrary to the purpose of Satyamoorthy), it would only form in the 
presence of cells. The presently claimed methods recite that the cell-targeting ligand 
is non-covalently bound directly to a virus, and that the virus-ligand complex is 
prepared by mixing the cell-targeting ligand with the virus in a cell-free aqueous 
medium. Satyamoorthy does not disclose either of these requirements of the methods 
of the presently claimed invention. Therefore, Satyamoorthy does not disclose all of 
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the elements of the present claims, and hence it cannot anticipate the presently 
claimed invention. See Kalman, 713 F.2d at 71 1. 

In view of the foregoing remarks, Applicants respectfully request 
reconsideration and withdrawal of the rejection of claims 1-4, 6, 8-11, 17-18, 45-49, 
51 and 54-56 under 35 U.S.C. § 102(b). 

3. The Rejection Under 35 U.S.C. § 102(b) over Cotten 

In the Office Action at pages 10-11, the Examiner has rejected claims 1-2, 6, 

8-10, 12, 15-18, 32, 45-47, 51, 53-55, 57 and 60-61 under 35 U.S.C. § 102(b), as 

allegedly being anticipated by Cotten et aL, Proc Natl Acad Sci USA 89: 6094-6098 

(1992) (hereinafter "Cotten"). By the foregoing amendments, claims 46-47, 51, 53- 

55, 57 and 60-61 have been cancelled. Hence, this rejection has been rendered moot 

as it may have applied to these claims. Applicants respectfully traverse this rejection 

as it may apply to the remaining claims. 

In the Office Action at page 10, the Examiner states that: 

Cotten teaches a plasmid DNA expressing luciferase under the control 
of RSV promoter with human or mouse transferrin-polylysine 
(equivalent to 4 |4,g polylysine) and the mixed solution is further mixed 
with replication-defective human adenovirus 5 lacking functional El a 
sequence (e.g. p. 6095, left column, 3 rd paragraph). 

Office Action at page 10, last paragraph. The Examiner further states that "the 
transferrin ... is not covalently bound to the adenovirus." Office Action at page 11, 
lines 3-5. The Examiner therefore concludes that the presently claimed invention is 
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allegedly anticipated. Applicants respectfully disagree with the Examiner's 
contentions and conclusions. 

As set forth above, present claim 1 (and hence, claims 2-6, 8-11, 17-18, 32 and 
34 that depend ultimately therefrom) recites a virus-ligand complex comprising a cell- 
targeting ligand non-covalently bound directly to a virus. As discussed during the 
Examiner interview, a "non-covalent bond'* refers to a class of specific molecular 
interactions. It does not mean that the cell-targeting ligand and the virus are "not 
covalently bound" to one another. 

Cotten discloses treating mammalian cell lines with a mouse transferrin- 
polylysine complex and an adenovirus containing a P-galactosidase reporter gene. 
The transferrin acts as a cell-targeting ligand in this case. While the transferrin and 
the polylysine are present in a complex, the adenovirus is administered to and enters 
the cells separately from the transferrin-polylysine complex. See Cotten at page 
6905, Figure 1. Cotten does not disclose that the ligand is non-covalently bound 
directly to the virus as required by the presently claimed invention. In fact, there is no 
bond between the ligand and the virus. The Examiner's statement that "the transferrin 
. . . is not covalently bound to the adenovirus," is in fact correct. Office Action at 
page 11, lines 3-5. However, this clearly does not anticipate the presently claimed 
virus-ligand complexes which require a non-covalent bond directly between the cell- 
targeting ligand and the virus. Furthermore, formation of a bond between transferrin 
and the adenovirus in Cotten would defeat the purpose of Cotten, which requires 
separate binding of the ligand and the virus to the cell surface. See Cotten at page 
6095, Figure 1. 
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Therefore, Cotten does not disclose each and every element of the presently 
claimed invention, specifically a virus-ligand complex comprising a cell-targeting 
ligand non-covalently bound directly to a virus. Hence, Cotten cannot and does not 
anticipate the presently claimed invention. See Kalman, 713 F.2d at 71 1. 

Cotten also does not disclose the methods of the presently claimed invention 
for preparing the virus-ligand complexes. As noted above, the transferrin-polylysine 
conjugate and the adenovirus particles of Cotten are administered separately to cells 
(See Cotten at p. 6095, Figure 1, legend). Therefore, even assuming arguendo that a 
complex is ever formed between the transferrin-polylysine conjugate and the 
adenovirus (which would be contrary to the purpose of Cotten), it would form in the 
presence of cells. The ligand (transferrin) and the virus are not mixed in a cell-free 
aqueous medium in Cotten to form a virus-ligand complex, as required by the 
presently claimed method. Therefore, as Cotten does not disclose all of the elements 
of the present claims, it cannot and does not anticipate the presently claimed 
invention. See Kalman, 713 F.2d at 711. 

In view of the foregoing remarks, Applicants respectfully request 
reconsideration and withdrawal of the rejection of claims 1-2, 6, 8-10, 12, 15-18, 32, 
45-47, 51, 53-55, 57 and 60-61 under 35 U.S.C. § 102(b). 

4. The Rejection Under 35 U.S.C. § 102(b) over Seth 
In the Office Action at pages 11-12, the Examiner has rejected claims 1-2, 6, 
9-11, 15-18, 32, 45-47, 51, 54-56 and 60-61 under 35 U.S.C. § 102(b), as allegedly 
being anticipated by Seth et al. 9 Journal of Virology 57:650-655 (1984) (hereinafter 
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"Seth"). By the foregoing amendments, claims 46-47, 51, 54-56 and 60-61 have been 
cancelled. Hence, this rejection has been rendered moot as it may have applied to 
these claims. Applicants respectfully traverse this rejection as it may apply to the 
remaining claims. 

In the Office Action at page 12, the Examiner states that "Seth teaches 
preparation of recombinant PE-EGF {Pseudomonas exotoxin and epidermal growth 
factor) hybrid toxin and mixing adenovirus and PE-EGF in 1.5 mL of fresh medium." 
Office Action at page 12, lines 3-4. The Examiner further states that "EGF is a cell- 
targeting ligand and the PE-EGF hybrid toxin is not covalently bound to the 
adenovirus." Office Action at page 12, lines 13-14. The Examiner therefore 
concludes that Seth allegedly anticipates the presently claimed invention. Applicants 
respectfully disagree with the Examiner's contentions and conclusions. 

As set forth above, the presently claimed invention recites a virus-ligand 
complex comprising a cell-targeting ligand non-covalently bound directly to a virus, 
as well as methods for forming such complexes by mixing the recited components in a 
cell-free aqueous medium. Applicants respectfully submit that Seth does not disclose 
a virus-ligand complex where a cell-targeting ligand is non-covalently bound directly 
to a virus. In fact, there is no bond between the ligand and the virus disclosed in Seth. 

Seth discloses treating KB cells with a Pseudomonas exotoxin-EGF conjugate 
and adenovirus separately. The EGF acts as a cell-targeting ligand. The exotoxin- 
EGF and adenovirus are administered to KB cells separately. {See Seth at page 650, 
2 nd column, 11. 12-14). Thus, as noted by the Examiner, "the PE-EGF hybrid toxin is 
not covalently bound to the adenovirus," as there is no bond at all between the PE- 
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EGF and the adenovirus. Therefore, clearly there cannot be non-covalent bond 
between the ligand (PE-EGF in Seth) and the adenovirus, as required by the presently 
claimed invention. 

Furthermore, even assuming arguendo that a complex is formed between the 
exotoxin-EGF conjugate and the adenovirus, it is formed in the presence of cells. 
Thus, any exotoxin-EGF-adenovirus complex (which would be contrary to the 
purpose of Seth), is not formed in a cell-free aqueous medium as required by the 
method claims of the present invention. Therefore, as Seth does not disclose all of the 
elements of the present claims, it cannot and does not anticipate the presently claimed 
invention. See Kalman, 713 F.2d at 7 1 1 . 

In view of the foregoing remarks, Applicants respectfully request 
reconsideration and withdrawal of the rejection of claims 1-2, 6, 9-11, 15-18, 32, 45- 
47, 51, 54-56 and 60-61 under 35 U.S.C. § 102(b). 

5. The Rejection Under 35 U.S.C. § 102(b) over Spooner 
Claims 1-12, 17-18, 32, 34 and 45-47 were rejected under 35 U.S.C. §102(b), 

as allegedly being anticipated by Spooner et al. 9 WO 94/10323 (1994) (hereinafter 

"Spooner"). By the foregoing amendments, claims 46 and 47 have been cancelled. 

Hence, this rejection has been rendered moot as it may have applied to these claims. 

Applicants respectfully traverse this rejection as it may apply to the remaining claims. 

In the Office Action at page 13, the Examiner states that: 

Spooner teaches a preparation of a virus or virus-like particle, such as 
vaccinia virus, adenovirus, any other animal virus or replication- 
defective derivative thereof, having a modified binding specificity 
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conferred by a binding moiety, such as a ligand of a target cell-specific 
cell-surface receptor, allowing the virus or virus-like particle to bind to 
a target cell (e.g. p. 77) .... The binding moiety may be linked to the 
polypeptide on the surface of the virus or virus-like particle by any of 
the conventional ways of cross-linking polypeptides (e.g. p. 23, first 
paragraph). 

Office Action at page 13, 2 nd paragraph. The Examiner concludes that "the binding 
moiety (ligand) can be non-covalently bound to the virus or virus-like particle." See 
Office Action at page 13, lines 21-22. Applicants respectfully disagree with the 
Examiner's contentions and conclusions. 

As discussed above, the presently claimed invention recites a virus-ligand 
complex comprising a cell-targeting ligand non-covalently bound directly to a virus, 
as well as methods for forming such complexes by mixing the recited components in a 
cell-free aqueous medium. 

Applicants respectfully submit that Spooner only discloses chemical 
conjugation of a binding moiety to a polypeptide on the surface of the virus, and not 
formation of a non-covalent bond between a cell-targeting ligand and a virus as 
required by the presently claimed invention. For example, Spooner states that "[i]f 
the binding moiety and the molecule on the surface of the virus or virus-like particle 
are both polypeptides, then they may be linked together by any of the conventional 
ways of cross-linking polypeptides... [f]or example, the binding moiety may be 
enriched with thiol groups and the molecule on the surface of the virus or virus-like 
particle reacted with a bifimctional agent capable of reacting with those thiol groups." 
{See Spooner at page 23, lines 1-12). Each of the methods discussed in Spooner 
involves chemical conjugation, not non-covalent bonding. Spooner states that 
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M [o]ther chemical procedures may be useful in joining oligosaccharide and lipids to 
other oligosaccharides, lipids or polypeptides." {See Spooner at page 23, lines 14-15). 
The reference cited by Spooner on page 23, lines 9-10 (O'Sullivan et al., Anal. 
Biochem. 1 00: 100-108 (1979); copy attached hereto as Exhibit B) discloses only 
covalent conjugation via two different chemical methods. (See O'Sullivan, at 
Abstract: "Sulfhydryl residues were introduced into second antibodies .... Up to 
80% of the enzyme was conjugated to immunologically active antibody . . . ."). 
Spooner also references thiol groups, which are used for chemical (i.e., covalent) 
conjugation. 

Thus, all of the methods of ligand attachment disclosed in Spooner involve 
chemical conjugation via covalent bonding, and do not involve non-covalent bonding. 
Therefore, Spooner does not disclose a virus-ligand complex comprising a cell- 
targeting ligand non-covalently bound directly to a virus, or a method for producing 
such a virus-ligand complex, as recited by the presently claimed invention. Hence, 
Spooner does not disclose all of the elements of the present claims, and therefore this 
reference cannot and does not anticipate the presently claimed invention. See 
Kalman, 713 F.2d at 711. 

In view of the foregoing remarks, Applicants respectfully request 
reconsideration and withdrawal of the rejection of claims 1-12, 17-18, 32, 34 and 45- 
47 under 35 U.S.C. § 102(b). 
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D. Rejections under 35 U.S.C. § 103 

1. The Rejection Under 35 U.S.C. § 103(a) over Cotten or Seth 

Claims 1, 13-14, 46, 58 and 59 were rejected under 35 U.S.C. §103(a) as 
allegedly being unpatentable over either Cotten or Seth. By the foregoing 
amendments, claims 46, 58 and 59 have been cancelled. Hence, this rejection has 
been rendered moot as it may have applied to these claims. Applicants respectfully 
traverse this rejection as it may apply to the remaining claims. 

In the Office Action at page 15, the Examiner states that 

[i]t would have been obvious for one of ordinary skill in the art at the 
time of the invention to use the ratio of the cell-targeting ligand and the 
virus in the range of 100 to 1,000,000 or 6700 to 4,000,000 ligand 
molecules per virion because Cotten teaches mixing the mouse 
transferrin-polylysine (mTfpL) with 10 jaL of adenovirus containing 
5x1 0 11 particles/mL, and Seth teaches mixing adenovirus and PE-EGF 
in 1.5 mL of fresh medium and the concentration of adenovirus is 0.1 
to 10 jag/mL and the concentration of PE-EGF is 0.01 to 0.5 fxg/mL . . . 



Office Action at page 15, 1st paragraph. The Examiner further states that: 

it would be obvious for one of ordinary skill in the art at the time the 
invention was made to use the claimed range of ratio of adenovirus and 
ligand in order to provide better protein synthesis in KB cells by PE- 
EGF as taught by Seth or to provide high-efficiency receptor-mediated 
gene delivery via the use of defective adenovirus particles as taught by 
Cotten with reasonable expectation of success. 

Office Action at page 15, lines 14-18. The Examiner therefore concludes that the 
presently claimed invention is rendered obvious. Applicants respectfully disagree 
with the Examiner's contentions and conclusions. 
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As discussed above, Cotten discloses treating mammalian cell lines with a 
mouse transferrin-polylysine complex and an adenovirus containing a P-galactosidase 
reporter gene. The transferrin acts as a cell-targeting ligand. While the transferrin 
and the polylysine are present in a complex, the adenovirus is administered to, and 
enters, cells separately from the transferrin-polylysine complex. See Cotten at page 
6095, Figure 1. Hence, Cotten does not disclose that the ligand is non-covalently 
bound directly to the virus as required by the presently claimed invention. In fact, 
there is no bond between the ligand and the virus. Furthermore, a bond between the 
ligand and the virus would defeat the purpose of Cotten which requires separate 
binding of the ligand and the virus to the cell. See Cotten, Figure 1. 

As discussed above, Seth discloses treating KB cells with a Pseudomonas 
exotoxin-EGF conjugate and adenovirus separately. The EGF acts as a cell-targeting 
ligand in this case. The exotoxin-EGF and adenovirus must be administered to KB 
cells separately in order to function as required by Seth {See Seth at page 650, 2 nd 
column, lines 12-14). Hence, Seth does not disclose that the ligand is non-covalently 
bound directly to the virus as required by the presently claimed invention. In fact, 
there is no bond between the ligand and the virus. Furthermore, a bond between the 
ligand and the virus would defeat the purpose of Seth, which requires separate binding 
of the ligand and the virus to the cell. 

"Under § 103, the scope and content of the prior art is to be determined; 
differences between the prior art and the claims at issue are to be ascertained; and the 
level of ordinary skill in the pertinent art resolved. Against this background the 
obviousness or nonobviousness of the subject matter is determined." Graham v. John 
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Deere Co. of Kansas City, 383 U.S. 1,17 (1966). Applicants respectfully submit that 
the differences between the presently claimed invention and the reference cited by the 
Examiner are so great that it would not have been obvious to modify the disclosures 
of Cotten or Seth, as required by the Examiner, in order to render the presently 
claimed invention obvious. 

As set forth above, Applicants respectfully submit that neither Cotten nor Seth 
disclose a virus-ligand complex comprising a cell-targeting ligand non-covalently 
bound directly to a virus. Furthermore, formation of such a virus-ligand complex 
would have rendered the disclosures of Cotten and Seth inoperable for their intended 
purposes, as both references require the separate administration of the cell-targeting 
ligand and the virus. See M.P.E.P. § 2143. 01(V) "If proposed modification would 
render the prior art invention being modified unsatisfactory for its intended purpose, 
then there is no suggestion or motivation to make the proposed modification. In re 
Gordon, 733 F.2d 900, 221 USPQ 1125 (Fed. Cir. 1984)." Applicants therefore 
submit that Seth and Cotten do not render obvious the presently claimed invention. In 
view of the foregoing remarks, Applicants respectfully request reconsideration and 
withdrawal of this rejection. 

2. The Rejection Under 35 US.C. § 103(a) over Spooner in view 
of Kings man 

In the Office Action at pages 15-16, the Examiner has rejected claims 1 and 
36 under 35 U.S.C. § 103(a), as allegedly being unpatentable over Spooner in view of 
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Kingsman et al., WO 97/32026 (1997) (hereinafter "Kingsman"). Applicants 

respectfully traverse this rejection. 

In the Office Action at page 16, the Examiner states that 

[i]t would have been obvious for one of ordinary skill in the art at the 
time of the invention to use retrovirus having a transferrin as a ligand 
for gene delivery to target cells because Spooner teaches using 
adenovirus or vaccinia virus having a transferrin as a ligand for gene 
delivery in gene therapy and Kingsman teaches using a retrovirus for 
gene delivery in gene therapy. 

Office Action at page 16, 4 th paragraph. The Examiner concludes that "[o]ne having 
ordinary skill in the art at the time the invention was made would have been 
motivated to [combine the teachings of Spooner and Kingsman] in order to deliver 
gene to target cells in gene therapy as taught by Spooner and Kingsman with 
reasonable expectation of success." Office Action at page 16, 5 th paragraph. 
Applicants respectfully disagree with the Examiner's conclusions and contentions. 

Applicants respectfully submit that neither Spooner nor Kingsman discloses a 
virus-ligand complex comprising a cell-targeting ligand non-covalently bound directly 
to a virus, as required by the presently claimed invention. 

As discussed above, each of the methods disclosed in Spooner involves 
chemical conjugation resulting in covalent bonding, not non-covalent bonding 
between virus and ligand. Thus, as discussed above, Spooner does not disclose a cell- 
targeting ligand non-covalently bound directly to a virus. Furthermore, it would not 
have been obvious to even try and prepare a virus-ligand complex comprising a cell- 
targeting ligand non-covalently bound directly to a virus based on the disclosure of 
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Spooner, as Spooner clearly relies on chemical conjugation of the binding moiety to 
the virus to form the disclosed stable complexes. (See Spooner at page 23, lines 1-12). 

Kingsman discloses that the "adapter molecules described herein would be 
administered to the target cells either in vivo or in vitro, just prior to the 
administration of corresponding ecotropic vector particles." (See Kingsman at page 4, 
line 26-28.) Thus, any complex formed between an adapter molecule (which serves 
as the ligand in this case) and a virus particle, in Kingsman would only be formed in 
the presence of cells, and only after the adapter molecule is attached to the target cell. 
Therefore, Kingsman does not disclose preparation of a ligand-virus complex external 
from a cell, "wherein upon introduction of said virus ligand complex into a host 
animal, said ligand binds directly to a receptor on said target cell," as required by 
present claim 1 . In fact, formation of a virus-ligand complex outside of a cell, which, 
then upon introduction into a host animal binds directly to a receptor on a target cell, 
would have been contrary to the purpose of Kingsman, which requires the use of 
"unmodified ectropic vectors to deliver genes to [] cells." Kingsman at page 2, line 
26. Preparation of a virus-ligand complex, a "modified vector," as required by the 
presently claimed invention, would clearly render Kingsman unsatisfactory for its 
intended purpose. See M.P.E.P. § 2143. 01(V). 

Therefore, Applicants respectfully submit that as neither Spooner nor 
Kingsman disclose or suggest a virus-ligand complex comprising a cell-targeting 
ligand non-covalently directly bound to a virus, which, when introduced into a host 
animal, binds directly to a receptor on a target cell, the combination of these 
references clearly cannot render obvious the presently claimed invention. As noted 
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above, all of the conjugation methods disclosed in Spooner require covalent bonding, 
and all of the complexes disclosed in Kingsman require formation on the surface of a 
cell. Therefore, it would not have been obvious to prepare, or to even try and prepare, 
the virus-ligand complexes of the presently claimed invention where a cell-targeting 
ligand is non-covalently bound directly to a virus. 

Applicants therefore submit that Spooner and Kingsman, alone or in 
combination, do not render obvious the presently claimed invention. In view of the 
foregoing remarks, Applicants respectfully request reconsideration and withdrawal of 
the rejection of claims 1 and 36 under 35 U.S.C. § 103(a). 
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Conclusion 



All of the stated grounds of rejection have been properly traversed, 
accommodated or rendered moot. Applicants therefore respectfully request that the 
Examiner reconsider all presently outstanding rejections and that they be withdrawn. 
Applicants believe that a full and complete reply has been made to the outstanding 
Office Action and, as such, the present application is in condition for allowance. If 
the Examiner believes, for any reason, that personal communication will expedite 
prosecution of this application, the Examiner is invited to telephone the undersigned 
at the number provided. 

Prompt and favorable consideration of this Amendment and Reply is 
respectfully requested. 



Respectfully submitted, 



Sterne, Kessler, Goldstein & Fox p.l.l.c. 




Jeffrey K. Mills 
Agent for Applicants 
Registration No. 56,413 




1 100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 



724912 2. DOC 



Exhibit 
A 



MOLECULAR BIOLOGY OF 

THE CELL 

THIRD EDITION 



Bruce Alberts •Dennis Bray 
Julian Ss- MartinRaff • KeithRoberts 
James D.Watson 



aine- 

rich 

domain 



immunoglobulin- 
like domain 



tyrosine 
kinase 
domain 




plasma 
membrane 



Figure 15-47 Slxsubfamm^ , 
receptor tyrosine kinases o nI 1 

or two members of each subZ 
indicated. Note that the tXn 
kinase domain is 

"kinase insert region" SI by ' 
subfamilies. Th/funV^r^ 
signif,canceofthecystei ne . rirh 

immunoglobulinlike domain t 3 
unknown. b ls 



kinase 
insert 
region 



EGF 
receptor 



insulin 
receptor, 

IGF-1 
receptor 



NGF 
receptor 



PDGF 
receptor, 

M-CSF 
receptor 



VEGF 
receptor 



The Receptors for Most Growth Factors Are 
Transmembrane Tyrosine-specific Protein Kinases 32 

The first receptor protein recognized to be a tyrosine-specific protein kinase (in 
1982) was the receptor for epidermal growth factor (EGF). EGF is a small protein 
(53 amino acids) that stimulates the proliferation of epidermal cells and a vari- 
ety of other cell types. Its receptor is a single-pass transmembrane protein of 
about 1200 amino acids, with a large glycosylated extracellular portion that binds 
A" intracellular tyrosine kinase domain is activated when EGF binds to the 
receptor. Once activated, the receptors transfer a phosphate group from ATP 
to selected tyrosine side chains, both on the receptor proteins themselves and 
on specific cellular proteins. Many other receptors for growth and differentia- 
tion factors are also receptor tyrosine kinases. These include the receptors for 
platelet-derived growth factor (PDGF), fibroblast growth factors (FGFs), hepato- 
cyte growth factor (HGF), insulin, insulinlike growth factor- J (IGF-1 ), nerve growth 
factor (NGF), vascular endothelial growth factor (VEGF), and macrophage colony 
stimulating factor (M-CSF), all of which are proteins. As shown in Figure 15-4? 
the family of receptor tyrosine kinases can be divided into a number of structural 
subfamilies; in each case the receptors phosphorylate themselves to initiate the 
■ intracellular signaling cascade. 

How does the binding of a specific protein to the extracellular portion of a 
receptor tyrosine kinase activate the catalytic domain on the other side of the 
plasma membrane? It is difficult to imagine how a conformational change could 
propagate across the lipid bilayer through a single transmembrane a helix The 
puzzle was solved when it was demonstrated that ligand binding causes the EGF 
receptor to assemble into dimers, which enables the two cytoplasmic domains 
to cross-phosphorylate each other on multiple tyrosine residues. This cross-phos- 
phorylation is referred to as autophosphorylation because it occurs within the 
receptor dimer. In the case of PDGF receptors the ligand is a dimer that cross- 
links two receptors together (Figure 15-48). EGF, by contrast, is a monomer that 
is thought to induce a conformational change in the extracellular domain of its 
receptors to induce receptor dimerization. It is thought that receptor dimerization 
is a general mechanism for activating enzyme-linked receptors with a single 
transmembrane domain. 

Receptor dimerization can be exploited experimentally to inactivate specific 
receptors in order to determine their importance for a particular cell response 
The strategy involves transfecting cells with DNA that encodes a mutant form of 
a receptor tyrosine kinase that dimerizes normally but has an inactive kinase 
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Comparison of Two Methods of Preparing Enzyme-Antibody 
Conjugates: Application of These Conjugates for 
Enzyme Immunoassay 

Michael J. O'Sullivan, 1 Ernesto Gnemmi, David Morris, Giorgio Chiereoatti, 
Alan D. Simmonds, Madeleine Simmons, James W. Bridges, and Vincent Marks 

Department of Biochemistry, Division of Clinical Biochemistry, University of Surrey, 
Guilaford, Surrey GU2 5XH, England 

Received May 14, 1979 

Two methods of preparing enzyme- antibody conjugates were evaluated. High yields 
of conjugate were obtained with both methods. The first procedure utilizes the homobi- 
functional crosslinking reagent N,N'-o-phenylenedunaleimide. Sulfydryl residues were 
introduced into second antibodies by reaction with methyl-mercaptobutyrimidate. The 
modified antibodies were reacted with A^/V'-o-phenylenedimaleimide, excess reagent was 
removed by gel filtration, and the activated antibodies were cross-linked to /3-galactosidase. 
Up to 80% of the enzyme was conjugated to immunologically active antibody with 
approximately 90% retention of enzyme activity. The second method utilizes the heterobi- 
functional meta-maleinu^obcnzoyl-A^hydroxysuccinimide ester (MBS). The antibodies were 
reacted with MBS, excess reagent was removed by gel filtration and the activated anti- 
bodies were crosslinked to 0-galactosidase, Typically, approximately 80% of the enzyme 
was conjugated to immunologically active antibody with approximately 90% retention of 
both enzyme and antibody activity. Conjugates prepared using these two procedures were 
used as labels in an immunoassay system and were able to detect approximately 5 to 10 ng 
of first antibodies. The MBS procedure was simpler to perform, could more easily be 
adapted to large-scale work, and gave more reproducible results, and the conjugates pro- 
duced were able to detect slightly lower concentrations of first antibody. 



Enzymes have been used as labels in 
immunohistochemistry and in enzyme im- 
munoassay (EIA) 2 for a number of years. 
These labels are generally considered to 
provide less assay sensitivity than radio- 
labels. However, several workers have 
recently shown that when sufficient attention 
is given to the choice of enzyme, crosslink- 
ing method, and the detection system, very 
sensitive EIAs can be devised (1-4). 

1 Current address: Blond Mclndoe Centre for Trans- 
plantation Biology, East Grinstead, Sussex RH 19 3DZ. 

3 Abbreviations used: EIA, enzyme immunoassay; 
MBSj/werfl-maleimidobenzoyl-^-hydroxysuccinimide 
ester; T 3l triiodothyronine; EDC, l-ethy!-3-(3-dimethyl- 
aminopropyl) carbodiimide; ONPG, o-nitrophenyi-/3- 
D-galactopyranoside; BSA, bovine serum albumin; 
PAG, polyacrylamide gel; HgH, human growth hor- 
mone; IgG, immunoglobulin G; RIA, radioimmuno- 
assay; DTNB, 5,5'-dirhio-bis-2-mtrobenzoic acid. 



The use of enzyme-labeled antibodies in 
EIA is particularly attractive as the same 
procedure can probably be generally applied 
to labeling different antibodies. Unfortu- 
nately, there are very few efficient general 
methods available for the production of such 
conjugates. Typically, the labels are pre- 
pared in low yield with considerable loss of 
both enzyme and antibody activity, and 
extensive polymerization resulting in high- 
molecular- weight conjugates often occurs. 
Glutaraldehyde (5) and the periodate pro- 
cedure (6) are the most commonly used 
methods. Although the glutaraldehyde pro- 
cedure is very easy to perform, typically 
the conjugates are prepared in low yields 
with loss of enzyme and antibody activity 
and polymerized conjugates are formed (7). 
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With the periodate method, yields of up to 
70% have been reported, but this method is 
limited to glycoprotein enzymes. 

Recently, A^AT-o-phenylenedimaleimide 
has been used to conjugate /?-galactosidase 
to antibodies (8), This reagent has the po- 
tential merit that it reacts rapidly and selec- 
tively with sulfydryl residues under mild 
conditions. In this paper the use of this 
reagent is compared with that of meta- 
maleimidobenzoyl - N - hydroxy succinimide 
ester (MBS). MBS has previously been used 
to conjugate /3-galactosidase to viomycin (9) 
and insulin (1). Due to the heterobifunctional 
nature of MBS and the lack of sulfydryl 
residues in antibodies, this reagent should 
not polymerize antibody molecules. A pre- 
liminary account of the use of MBS in the 
production of enzyme- antibody conjugates 
has been published (10). 

MATERIALS AND METHODS 

Triiodothyronine (T 3 ), bovine insulin, 1- 
ethyl - 3 - (3 - dimethyiaminopropyl) carbodi - 
imide (EDC), o-nitrophenyl-/3-D-galactopy- 
ranoside (ONPG), /3-mercaptoethanol and 
Sepharose 4B were purchased from the 
Sigma Chemical Company (St. Louis, Mo.); 
cellulose powder CC41 from Whatman Ltd. 
(Maidstone, England); 1,4-butanediol di- 
glycidyl ether and N,AT-o-phenylenedima]e- 
imide from Aldrich Chemical Company Ltd. 
(Gillingham, England) ; methyl-mercapto- 
butyrimidate and MBS from Pierce Chemical 
Company (Rockford, III.); bovine serum 
albumin (BSA) from Armour Pharmaceutical 
Company Ltd. (Eastbourne, England); 
DEAE-Bio-Gel A from Bio-Rad Laboratories 
(Richmond, Calif.); and Sephadex G-25 from 
Pharmacia Ltd. (Uppsala, Sweden). 

Escherichia coli. /3-D-galactosidase (EC 
3.2.1.23) was purchased from Boehringer- 
Mannheim (Mannheim, West Germany). 
The preparation was composed of approxi- 
mately 90% enzyme as estimated by poly- 
acrylamide gel (PAG) electrophoresis and 
Sepharose gel filtration. Human growth 



hormone (HgH) was a gift from Dr. P. J. 
Lowry of St. Bartholomew's Hospital (Lon- 
don, England). AH other chemicals were 
purchased from BDH Chemicals Ltd. (Poole, 
England). 

Antiserum production. The production of 
antibodies to T 3 (sheep), HgH (rabbit), sheep 
IgG, and rabbit Fc fragments (donkeys) has 
been described previously (11). Cortisol 
(sheep) and donkey anti-guinea pig IgG 
antibodies were purchased from Guildhay 
Antisera (Guildford, England). Insulin anti- 
bodies (guinea pig) were purchased from 
Wellcome Reagents Ltd. (Beckenham, Eng- 
land). 

The concentration of antibodies present 
in the T 3 , HgH, Cortisol, and insulin anti- 
sera was calculated from binding site data 
derived from Scatchard plots obtained by 
radioimmunoassay (RIA) (11). It was as- 
sumed that each antibody molecule had two 
antigen binding sites. 

Preparation of solid phases. Immunoad- 
sorbents for the purification of second anti- 
bodies were prepared by conjugating the 
immunoglobulin fraction of either sheep, 
rabbit, or guinea pig serum to Sepharose 4B 
using the crosslinking reagent butanediol 
diglycidyl ether (12), as previously described 
(11). Typically, 5 mg of protein was coupled 
per milliliter of swollen gel. 

Solid phases for the determination of 
second antibody activity were prepared by 
coupling the immunoglobulin fraction of 
either sheep, rabbit, or guinea pig serum to 
amtno-cellulose (13). Typically, 500 rag of 
protein was coupled per gram of amino- 
cellulose. 

Solid phases for the detection of HgH and 
insulin antibodies by EIA were also pre- 
pared using amino-cellulose (13). Ninety 
milligrams of HgH and 150 mg of insulin 
were coupled per gram of amtno-cellulose. 
The T 3 solid phase for the detection of T 3 
antibodies by EIA was prepared from a cel- 
lulose suspension (13) activated with butane- 
diol diglycidyl ether (12) and reacted with 
T 3 dissolved in 50 mM phosphate buffer, pH 
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12.0, for 24 h at room temperature. Approxi- 
mately 50 /xg of T 3 was conjugated per gram 
of cellulose. 

The Cortisol solid phase for the detection 
of Cortisol antibodies by EIA was prepared 
by coupling Cortisol hemisuccinate to an 
amino-cellulose suspension using the carbodi- 
imide procedure (14). The degree of incorpo- 
ration of Cortisol into the solid phase was 
not measured. However, the treated solid 
phase was able to adsorb Cortisol antibodies 
from Cortisol antiserum as determined by 
RIA(ll). 

Determination of frgalactosidase and 
second antibody activity. Enzyme activity 
was measured using ONPG as substrate 
(15). The degree of conjugation of enzyme 
to immunologically active second antibody 
was determined by measuring the binding 
of the conjugate to an IgG solid phase. The 
enzyme -second antibody conjugate (0. 1 ml) 
was mixed with 0.1 mg of solid phase sus- 
pended in 0. 1 ml of 50 mM barbitone buffer, 
pH 8.6, containing 1 g/liter BSA for 4 h at 
4°C. The solid phase was washed twice with 
2 ml of barbitone buffer; 1 ml of substrate 
solution was added to the solid phase, mixed, 
and incubated at room temperature with 
constant mixing* (Later experiments were 
carried out at 30°C; continual mixing was 
found to be unnecessary.) After a suitable 
period (20 to 60 min) the reaction was termi- 
nated, the absorbance measured at 420 nm, 
and the proportion of enzyme activity bound 
to the solid phase determined. 

The second-antibody activity was meas- 
ured using a " sandwich assay" involving 
an immunoglobulin solid phase and 125 I- 
labeled immunoglobulin. Radioactivity bound 
to the solid phase was proportional to the 
concentration of second antibody. The details 
of this assay have been described (11). 

Preparation of enzyme -antibody con- 
jugates using N ,N'-o-phenylenedimaleimide. 
One milliliter of Sepharose-sheep IgG was 
mixed with 3 ml of donkey anti-sheep IgG 
(D20 11.3.77) for 1 h at room temperature. 
Nonspecifically bound protein was removed 



by washing 10 times with 10 ml of 50 mM 
phosphate buffer, pH 7.0, containing 0.2 m 
NaCl. The gel was suspended in 9 ml of 
50 mM N-ethylmorpholine-HCl buffer, pH 
7.5, to which 0.1 ml of a 10 mg/ml solution 
of methyl-mercaptobutyrimidate in ice-cold 
0.1 m Na 2 C0 3 was added. The gel suspen- 
sion was mixed for 1 h at room temperature 
and then washed five times with 10 ml of 
distilled water. The gel was packed into a 
5-ml disposable syringe fitted with a glass 
wool filter and the gel washed with 10 ml of 
HC1, pH 3.5, containing 0.1 m NaCl. The 
modified antibodies were eluted with 5 ml of 
HC1, pH 2.5, into 0.5 ml of 50 mmol acetate 
buffer, pH 6.0. One milliliter of a saturated 
solution of A^N'-o-phenylenedimaleimide in 
0.1 M acetate buffer, pH 5.0, at 30°C was 
added to the antibody solution, mixed, and 
maintained at 30°C for 30 min. To remove 
excess A^,N'-o-phenylenedimaleimide, the 
solution was chromatographed on a Sepha- 
dex G-25 column (60 x 0.9 cm) equilibrated 
with 50 mM acetate, pH 5.5, containing 10 
mM MgCl 2 !. Fractions containing protein 
(4.5 ml, 2,0 mg protein) were pooled, and 
2.0 mg of /3-galactosidase was added, mixed, 
and held at 30°C for 1 h when the reaction 
was terminated by the addition of 1 M /3- 
mercaptoethanol to give a final concentra- 
tion of 10 mM. The reaction mixture was 
dialyzed overnight at 4°C against 1 liter of 
10 mM Tris-HCl buffer, pH 7.5, contain- 
ing 10 mM MgCl 2 and 10 mM mercapto- 
ethanol. 

The number of sulfydryl residues intro- 
duced per antibody molecule by reaction 
with mercaptobutyrimidate was determined 
by carrying out this reaction as described 
above but eluting the modified antibodies 
into 0.5 ml of 0.2 m borate buffer, pH 8.6. 
The sulfydryl content of the antibodies was 
then determined by reaction with DTNB (16). 

Purification of the conjugate. The dialyzed 
reaction mixture was applied to a DEAE 
Bio-Gel column (15 x 0.9 cm) equilibrated 
with Tris buffer containing 50 mM NaCl. 
The column was eluted with 50 ml of Tris 
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buffer followed by 400 ml of a linear gradient 
from 50 to 200 mM NaCL Three-miililiter 
fractions were collected into 0.1 ml of Tris 
buffer containing 30 g/liter BSA. 

This method has also been used to con- 
jugate /3-galactosidase to second antibodies 
raised against rabbit Fc fragments and guinea 
pig immunoglobulins. 

Preparation of conjugates using MBS. 
Preparation of purified second antibody. 
Twenty milliliters of Sepharose-sheep IgG 
was mixed with 20 ml of donkey anti-sheep 
IgG antiserum (Dll 4.1.78) for 1 h at room 
temperature, extensively washed with phos- 
phate buffer, packed into a column, and 
eluted with 250 ml of 50 mM glycine-HCl 
buffer, pH 3.5, followed by 200 ml of 50 
mM glycine-HCl buffer, pH 2.5. The eluant 
(4.5 ml fractions) was neutralized with either 
0.5 ml of 0.2 M phosphate buffer, pH 7.4, 
or 0.5 m phosphate buffer, pH 8.0. The 
eluted material was pooled into two fractions, 
dialyzed extensively against distilled water 
at 4°C, and lyophilized. This lyophilized 
material still contained up to 40% inorganic 
salt which could be removed by dissolving 
the freeze-dried material in a minimum vol- 
ume of distilled water and redialyzing. How- 
ever, the presence of this concentration of 
salt did not affect the conjugation results 
so it was not normally removed. The purity 
of this material was verified by PAG electro- 
phoresis. 

Conjugation of enzyme to second anti- 
bodies using MBS. Purified donkey anti- 
sheep IgG antibodies (pH 2.5 fraction) were 
dissolved in 1.5 ml of 0. 1 m phosphate buffer, 
pH 7.0, containing 50 mM NaCl to give an 
optical density of approximately 1.4 at 280 
nm. A 15-/U-1 aliquot of dioxan containing 
0.32 mg of MBS was added to the antibody 
solution, mixed, and maintained at 30°C for 
1 h. The solution was applied to a Sephadex 
G-25 column (30 x 0.9 cm), equilibrated 
with 10 mM phosphate buffer, pH 7.0, con- 
taining 10 mM MgCl 2 and 50 mM NaCl, and 
eluted with the same buffer. A total of 3 ml 
of eluant having an optical density of 0.70 



(equivalent to a total protein content of 1.5 
mg) was pooled. 

One milliliter of phosphate buffer contain- 
ing 1.5 mg of /3~galactosidase was immedi- 
ately mixed with the antibody eluted from 
the column and maintained at 30°C for 1 h. 
The reaction was terminated by the addition 
of 1 m mercaptoethanol to give a final con- 
centration of 10 mM mercaptoethanol. 

Purification of the conjugates. A 1.4-ml 
aliquot of the conjugate was applied to a 
DEAE-agarose column (15 x 0.9 cm) equil- 
ibrated with 10 mM Tris-HCl buffer, pH 
7.0, containing 10 mM MgCl 2 and 10 mM 
mercaptoethanol. The column was eluted 
with 50 ml of the Tris buffer followed by 
50 ml of Tris buffer containing 0.2 m NaCl. 
Three-milliliter fractions were collected into 
0.1 ml of Tris buffer containing 30 g/liter 
BSA. The major peak of enzyme activity 
recovered from the column was pooled. 

To determine the approximate extent of 
polymerization of the conjugate a 0.2-ml 
aliquot of the pooled material was chro- 
matographed on a Sepharose 4B column 
(100 x 0.9 cm) equilibrated with Tris-HCl 
buffer and the elution profile of total and 
bound enzyme activity compared with that 
of untreated enzyme. 

Detection of antibodies using enzyme - 
second antibody labels. The procedure for 
the detection of T 3 antibodies is described. 
Fifty micrograms of cellulose- T 3 solid phase 
in 0. 1 ml of 50 mM barbitone buffer, pH 8.6, 
containing 1 g/liter BSA and 5 g/liter Tween 
80 was mixed with 0. 1 ml of diluted T 3 anti- 
serum and 0. 1 ml of barbitone buffer, pH 8.6, 
containing 1 g/liter BSA and left overnight 
at 4°C. The solid phase was washed once with 
2 ml of barbitone buffer containing 50 g/liter 
NaCl and once with 2 ml of barbitone buffer 
containing 10 g/liter NaCl. A 0.1-ml aliquot 
of enzyme-antibody conjugate and 0. 1 ml of 
barbitone buffer were mixed with the solid 
phase, left overnight at 4°C, washed as de- 
scribed above, and enzyme activity associ- 
ated with the solid phase determined. 

Before use the cellulose-T 3 solid phase 
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Fig. 1. Elation from DEAE-agarose of the enzyme-antibody conjugate prepared using N,N'-o- 
phenylenedimaleimide. Total enzyme activity; A, bound enzyme activity. Enzyme activity is 
expressed as the increase in absorbance/30 min at 420 nm. J, Gradient applied. 



was washed three times with 10 ml of barbi- 
tone buffer containing 5 g/Iiter Tween 80. 
The procedures for the detection of HgH, 
insulin, and Cortisol antibodies were very 
similar to that described for the T 3 antibody 
except that the appropriate solid phase was 
used in each case. 

RESULTS 

Preparation of Conjugates using 
N ,N'-o-Phenylenedimaleimide 

An average of three sulfydryl residues 
were introduced into each antibody using 
mercaptobutyrimidate. Up to 80% of the 
enzyme was conjugated to immunologically 
active antibody with 90% retention of enzyme 
activity. The elution profile of total and bound 
enzyme activity from the DEAE-agarose is 
illustrated in Fig. 1. The bound enzyme was 
separated from nonconjugated antibody 
which eluted from the column before the 
gradient was applied, but was not completely 
separated from the remaining free enzyme 
by this purification system. 

Preparation of Conjugates Using MBS 

Typically 80% of the enzyme was con- 
jugated to immunologically active antibody 
with approximately 90% retention of enzyme 



activity. The effect of conjugation on anti- 
body activity is illustrated in Fig. 2. Approxi- 
mately 10-15% of the antibody activity was 
lost during the coupling reaction. The elution 
profile of antibody and total and bound 
enzyme from the DEAE-agarose column is 
illustrated in Fig. 3. The purification pro- 
cedure did not completely separate all the 
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Fig. 2. Effect of conjugation on the activity of the 
second antibody. ■, Original antibody activity; ac- 
tivity remaining after coupling to the enzyme with MBS. 
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Fio. 3. Elution from DEAE-agarose of the enzyme -antibody conjugate prepared using MBS. 
Total enzyme activity; A, bound enzyme activity. Enzyme activity is expressed as the increase 
in absorbance/30 min at 420 nm. O, Antibody activity, binding of 125 Mabe!ed sheep IgG; 1 , 0.2 
m NaCJ applied. 



conjugate from the free antibody. It is likely 
that a proportion of the enzyme is relatively 
heavily labeled with antibody and so chro- 
matographs with the unlabeled antibody. No 
attempt was made to separate the conjugate 
from the remaining free enzyme. 

The elution profile of this conjugate from 
Sepharose 4B is shown in Fig. 4. The majority 



of the conjugate (as measured by the bound 
enzyme activity) elutes only slightly ahead 
of the untreated enzyme, so the majority 
of the conjugate consists of nonpolymerized 
material. The coupling reaction was per- 
formed using a three- to fourfold molar 
excess of antibody over enzyme. Figure 3 
illustrates that approximately 50% of the 
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Fig. 4. Elution from Sepharose 4B of the enzyme-antibody conjugate prepared using MBS. Com- 
parison with untreated enzyme. ■, Total enzyme activity of the conjugate; ▲> bound enzyme 
activity of the conjugate; activity of untreated enzyme. Enzyme activity is expressed as increase 
in absorbance/h at 420 nm. I , Void volume of the column. 
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antibody activity was coupled to enzyme. 
These results suggest that the conjugate 
contains about 1.5 to 2 antibody molecules 
per enzyme molecule. 

Detection of Antibodies Using Enzyme - 
Second Antibody Labels 

The detection of a number of different 
antibodies using the enzyme -antibody labels 
prepared using phenylenedimaleimide is 
illustrated in Fig. 5. The system can detect 
approximately 10 ng of T 3 antibodies, 5 ng 
of insulin antibodies, <30 ng of Cortisol anti- 
bodies, and <5 ng of HgH antibodies. The 
sensitivity of the system is defined as that 
concentration of antibody which binds twice 
as much label as is bound in the absence 
of antibody. 

The specificity of the reaction was checked 
in two ways: 

(i) Binding of the label to the solid 
phase was very low in the presence 
of normal serum; 

0-61 



(ii) binding of the label was inhibited 
by the presence of free antigen in 
the system. 

In the case of T 3 antibodies, binding was 
inhibited by the presence of T 3 but not by 
thyroxine (O' Sullivan, unpublished data). 

Figure 6 shows a comparison between the 
ability of labels prepared using either phenyl- 
enedimaleimide or MBS to detect T 3 anti- 
bodies. The MBS label is slightly better at 
detecting low levels of T 3 antibodies. 

Stability of the Conjugates 

The /3-galactosidase- antibody coiyugate 
prepared using JV,iV'-o-phenylenediaiale- 
imide retained 70% of its enzyme activity 
when stored in solution at 4°C in the presence 
of 0.02% (w/v) sodium azide for 1 year. No 
reduction in the proportion of bound enzyme 
activity occurred, indicating that both the 
crosslink and antibody are stable under 
these conditions. When stored for 2 months 
under the same conditions the /3-galactosidase 




i 2 3 * 

LOG ANTIBODY CONCENTRATION (NG/TUBE) 

Fig. 5. Detection of antibodies using enzyme- second antibody conjugates. O, HgH antibodies; 
insulin antibodies; #, T a antibodies; □, Cortisol antibodies. Enzyme activity expressed as 
the increase in absorbance/h at 420 nm. Sufficient enzyme was added to produce an absorbance change 
of approximately 1.0/h for the total enzyme activity. 
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LOG ANTIBODY CONCENTRATION (NG/TUBE) 

Fig. 6. Comparison of the labels prepared using the 
two conjugation methods for the detection of T 8 anti- 
bodies. A, Label prepared using MBS; label pre- 
pared using N,/V'-tf-phcnylenedimaleimide. Enzyme 
activity expressed as the increase in absorbance/h at 
420 nm. Total enzyme activity added was sufficient 
to produce a change in absorbance of approximately 
1.0/h. 

antibody conjugate prepared using MBS re- 
tained 85% of its enzyme activity. No reduc- 
tion in the proportion of bound enzyme ac- 
tivity occurred. 

When the MBS label was frozen in the 
presence of 0.25% (w/v) BSA, no loss of 
enzyme activity occurred but the proportion 
of bound enzyme was reduced by approxi- 
mately 10%. This label was stable for at 
least 2 months at -20°C. A similar situation 
occurred on lyophilization, with no reduc- 
tion in total enzyme activity but the bound 
activity was reduced by 10%. The lyophilized 
label was stable for at least 2 months at 
-20 and 4-4°C but rapidly lost activity when 
stored at room temperature. 

DISCUSSION 

Phenylenedimaleimide will only react with 
antibodies containing free sulfydryl residues. 
Reduction with mercaptoethylamine (2) has 
previously been used to introduce such 



residues into antibodies. In this study, sulfy- 
dryl residues were introduced using mercapto- 
butyrimidate (17) which selectively modifies 
amino residues under mild conditions. In 
addition, this reagent does not alter the 
charge of the protein and so gross conforma- 
tional changes in the antibody are likely to 
be avoided. Insertion of the sulfydryl resi- 
dues was achieved while the antibodies were 
adsorbed onto an immunoadsorbent to 
minimize the possibility of damaging the 
antigen binding site. Following removal of 
excess reagent, the antibodies were eluted 
from the immunoadsorbent and reacted with 
the crosslinking reagent. As phenylenedimale- 
imide is a homobifunctional reagent the 
possibility exists that it can polymerize the 
antibodies. This possibility was reduced by 
adding a sufficiently large excess of reagent 
to saturate all the sulfydryl groups introduced 
into the antibodies. 

With MBS there is no requirement to 
premodify the antibody. Furthermore, the 
heterobifunctional nature of MBS and the 
lack of free sulfydryl residues in antibodies 
ensures that there is no possibility of the 
reagent polymerizing the antibody molecules. 

Using both methods a high proportion 
of the enzyme was conjugated to antibody 
with little loss in enzyme activity . Up to 80% 
of the enzyme was conjugated to antibody 
using phenylenedimaleimide and 80% using 
MBS. On several occasions using phenyl- 
enedimaleimide, precipitation occurred on 
addition of the enzyme to the antibody, 
which resulted in a reduced yield of soluble 
conjugate. This occurred more readily when 
using relatively high concentrations of en- 
zyme and antibody. 

Both labels could detect low levels of 
specific first antibodies, although the per- 
formance of the MBS label was slightly 
superior. A 10-fold increase in the assay 
sensitivity results from the use of a fiuori- 
metric assay (18) for detecting /3-galactosidase 
activity (O'SuIlivan et aL, unpublished data). 

The crosslink produced in both labels 
was highly stable, although with both labels 
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a slow loss of enzyme activity occurred on 
storage at 4°C However, little or no loss 
of assay sensitivity occurred over the course 
of 1 year with the label prepared using N 9 N'- 
o -pheny lenemaleimide . 

The specificity of the detection of antigen- 
specific antibody by the labels was verified 
by the inhibition of label binding by free 
antigen. This has been used as the basis for 
a sensitive assay system to determine anti- 
gens. The method has the advantage that 
one label can be used to measure potentially 
any number of antigens. A preliminary com- 
munication of such a procedure has been 
published (19). 

In conclusion, the results obtained using 
either a modification of the method intro- 
duced by Kato et al. (8) or the reagent MBS, 
which has not previously been used to pre- 
pare enzyme-antibody conjugates, appear 
to be preferable to methods more widely 
used to prepare such conjugates. Both re- 
agents produced conjugates in high yield. 
The MBS method was simpler to perform 
and gave more reproducible results than the 
phenylenedimaleimide procedure. 
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